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ABSTRACT  
The high cost of conventional anesthetics and the deleterious 
effects of prevailing chemical sedatives used in aquaculture have 
justified the search for natural plant alternative that is 
cosmopolitan, biodegradable, less toxic with short withdrawal 
period, and economically affordable. The Phytochemical, 
proximate and sedative properties of the aqueous crude leaf 
extract of Lawsonia inermis and its effect on the opercula 
ventilation rate in Tilapia zilli fingerlings were conducted using 
standard procedures. Mixed sexed fingerlings of T. zilli of mean 
weight and length of 42.64 ± 0.82 g and 11.14 ± 0.22 cm 
respectively were randomly distributed in batches of five fish/per 
experimental tank. The tank with no test material (0.00g/L) served 
as the control; while, tanks with test materials at concentrations of 
1.50, 2.00, 2.50, 3.00 and 3.50g/L served as test tanks. The 
qualitative phytochemical analyses of L. inermis revealed the 
presence of varying proportions of alkaloid, tannin, saponins, 
cardiac glycosides phenolic and resins, while, the proximate 
composition includes moisture content (33.2%), crude lipid 
(12.0%), ash (29.9%), crude fibre (21%), crude protein (3.38%) 
and nitrogen free extracts (0.52%). There was  significant 
(p<0.05) dose- dependent increase in the induction of sedation 
and recovery time of T. zilli exposed to L. inermis aqueous crude 
Leaf extract as well as marked dose-related decrease in the 
opercula ventilation rate compared to the control group. No 
mortality was recorded at low concentrations of 1.50-2.50g/L of 
the plant extract; in contrast with 50 and 100% mortalities in 
concentrations of 3.00 and 3.50g/L respectively. In conclusion, 
the present investigation revealed that L. inermis aqueous crude 
leaf extract seemed to contain diverse phytochemical constituents 
that caused sedation with adverse consequences on fish opercula 
ventilation.  
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INTRODUCTION 
Modern aquaculture operations involve the processes of 
transporting, handling, tagging and weighing of fishes. These 
pose a lot of stress resulting to decreased performance, immune 
suppression, increased susceptibility to diseases and mortality 
(Gabriel & Akinrotimi, 2011). Opercula ventilation rate is an index 
of gaseous exchange and a quick pointer of stress conditions 
thereby acting as an overall pointer of the state of wellbeing in 
fishes. To alleviate stress, sedatives which are substances that 
have calming and relaxing effects are used (Alnamer et al., 2011; 
Trushenski et al., 2013). Although, conventional sedatives are 
expensive and scarce in countries like Nigeria (Akinrotimi et al., 
2013), several efforts are ongoing to find suitable natural 
alternatives that would replace the synthetic chemical sedatives 
which are known to be toxic, limited in supply and expensive 
(Audu et al., 2013). The leaf extract of L. inermis could be a 
potential natural replacement to the chemical sedatives in vogue 
(Reference). The plant commonly known as Lalle and Laaliin in 
Hausa and Yoruba tribes of Nigeria respectively (Zumrutdal & 
Ozaslan, 2012) is a perennial shrub that belongs to the family 
Lythracae (Manikandan et al., 2011). It has been traditionally 
used to cure headache, hemicranias, lumbago, bronchitis, boils, 
ophthalmic and syphilis (Borade et al., 2011).  According to Kaur 
et al. (2014), the leaf extract of L. inermis were observed to have 
sedative effects on albino rats and have also been reported to 
exhibit immunostimulatory and disease resistance effects against 
Aphanomyces invadans infection in Channa striatus 
(Uthayakumar et al., 2014) with concomitant antihelminthic and 
antibacterial activities (Sarojini et al., 2012; Abulyazid et al., 
2013). This study investigated the phytochemical, proximate and 
sedative properties of the aqueous crude leaf extract of L. inermis 
and attendant effects on the opercula ventilation rate in T. zilli 
fingerlings. 
 
MATERIALS AND METHODS 
 
Fish source and acclimatization 
Mixed sexes of T. zilli fingerlings (mean weight and length of 
42.64 ± 0.82 g and 11.14 ± 0.22 cm respectively) were 
purchased from Panyam Fish Farm in Mangu Local Government 
Area, Plateau State, Nigeria. The fingerlings  were transported to 
the Hydrobiology  and  Fisheries  Laboratory  Unit  of  University  
of Jos, Jos  Nigeria  in  oxygenated polythene bag containing  
water  from  the fish pond. On arrival, fish were transferred into 
35L capacity aquarium containing 25 liters of borehole water and 
allowed to acclimatize to laboratory conditions for a period of one 
week. During this period, the fingerlings were fed to satiation with 
a commercial fish feed (Vital feed®) twice daily at 0800 and 1600 
hours. Three quarter (3/4) of water in the tanks were siphoned out 
daily to remove leftover food and faecal matter and replaced with 
clean borehole water. Dissolved oxygen was supplied through the 
use of a giant aerator (Resun® air-pump (AC-9906), China) 
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Plant source and experimental preparation 
Lawsonia inermis plant leaves were collected from Dull village in 
Tafawa Balewa Local Government Area, Bauchi State, Nigeria. 
The plant was identified and authenticated by a curator in the 
Herbarium of Plant Science and Biotechnology of University of 
Jos, Nigeria, where the voucher specimen (UJH17000278) was 
kept. The leaves were kept off the plant, cleaned and air dried to 
a constant weight (500 g) in the Laboratory. The aqueous leaf 
extract of L. inermis was prepared by pulverizing the dried leaves 
(500 g) using a laboratory mortar and pestle into powder and 
sieved using 30µm mesh size sieve.  
 
Phytochemical analyses of L. inermis Leaves 
The macerated aqueous leaf extract of L. inermis was used for 
the phytochemical screening of alkaloids, flavonoid, tannin, 
saponin, trepenes and steroids, phenols, resins and cardiac 
glycosides, using standard qualitative procedures (Sofowora, 
1982; Trease & Evans, 1989). 
 
Proximate compositions of L. inermis Leaves 
The moisture, crude lipid, ash, crude protein and crude fibre 
contents and the nitrogen free extract of the aqueous leaf extract 
of the L. inermis were determined as described by AOAC (1990). 
The values obtained are percentages of dry weight. 
 
Preparation of Stock Solution 
Stock solution of the crude leaf extract was prepared according to 
the method described by Audu et al. (2013). Thereafter, definitive 
concentrations of 1.50 2.00 2.50, 3.00, and 3.50g/L were obtained 
and used for the sedation study.  
 
Experimental design 
The fingerlings of T. zilli were randomly divided into six groups of 
five fish/per experimental tank each duplicate replicated described 
as follows:  
 
Group I (Control; 0.00mg/L): T. zilli fingerlings in this group were 
not exposed to the aqueous crude leaf extract of L. inermis. 
 
Groups II-VI (treatment): These groups contained T. zilli 
fingerlings that were exposed to varied concentrations (1.50, 2.00, 
2.50, 3.00 and 3.50 g/L) of L. inermis. Thereafter, the times taken 
for the induction of sedation, change in opercula ventilation rate 
and the recovery of T zilli from the sedative effects of L. inermis in 
clean and aerated tanks were monitored. 
 
Induction of sedation, recovery and opercular ventilation 
Induction, recovery and change in opercula ventilation rate during 
the sedation experiment were measured as described by Agokei 
& Adebisi, (2010) and Audu et al. (2013) respectively. The 
induction time was determined as the period between the 
introduction of fish to the varied concentrations of the aqueous 
leaf extract of L inermis and the time taken by the fish not to 
respond to external stimuli from probe of a glass rod. Also, the 
recovery time from sedation was evaluated to be time taken for 
the fish to regain external stimuli when removed from the tanks 
with graded concentrations of the plant extract to clean water 
(Agokei & Adebisi, 2010). Opercula ventilation rate (OVR/min) in 
all the treatments and control was measured using a stop watch 
as the fish progresses in the various sedative concentrations of L 
inermis leaf extract (Audu et al.,2013). 
Mortality rate 
The mortality rate of T. zilli fingerlings treated with graded levels 
of aqueous crude leaf extract of L inermis was determined by 
close examination of the fingerlings after 24hours in well aerated 
tanks. Specifically, fish were considered dead when they failed to 
respond to probe from a glass rod and by having the fingerlings 
floated or sink to the bottom of the tank. 
 
Physicochemical parameters 
Water quality parameters of the experimental tanks namely, 
temperature, pH, alkalinity, dissolved oxygen and free carbon (IV) 




The results obtained for the water quality parameters and 
opercula ventilation rate before and after sedation were subjected 
to Analysis of Variance (ANOVA) (Single classification) at 5% 





The phytochemical screening of the aqueous crude leaf extract of 
L. inermis indicated strong (+++) presence of bioactive 
substances such as tannins, phenols and balsam while, 
components such as alkaloid, flavonoids, saponins, cardiac 
glycosides and resins were weakly (+) present as shown in Table 
1. 
 
Table I: Qualitative Phytochemical Composition of Aqueous 
Crude Leaf Extract of L. inermis Obtained from Dull Village, 
Tafawa Balewa Local Government Area, Bauchi State Nigeria 
 
 
Key: +++ Strong, ++ Moderate, +Mild 
 
Proximate values 
The proximate value of the aqueous crude leaf extract of L. 
inermis showed that the plant extract had moisture content of 
33.2%, crude lipid (12%), ash (29.9%), fibre (21%) and crude 
protein content of 3.38% while the calculated value of nitrogen 
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Table 2: Proximate Composition (mg/100g) of the Leaf of L. 
inermis 
 
NFE: Nitrogen Free Extract 
 
Induction, recovery and mortality rate 
The induction, recovery and mortality rate of T. zilli exposed to 
sedative concentrations of the crude aqueous Leaf extract of L. 
inermis are represented in Table 3.  
 
Table 3: Mean Induction and Recovery Time of T. zillii Fingerlings 
Exposed to Aqueous Crude Leaf Extract of L. inermis 
 
Values tagged with different alphabet superscripts are 
significantly different at P=0.05 
 
The induction time decreased significantly (p<0.05) with 
increased concentrations of the leaf extract. The shortest 
induction time (6.3±0.39mins) was observed at the highest 
concentration (3.50g/L) of L. inermis aqueous crude leaf extract, 
while the longest induction time (18.8±0.98mins) was recorded at 
the lowest concentration (1.50g/L). The recovery time of the T. zilli 
fingerlings increased significantly with increased concentration of 
the crude leaf extract, with the evidence of longest recovery time 
(12.4±0.52mins) at 3.50 g/L concentration and a corresponding 
shortest (5.0±0.65mins) recovery period at concentration of 
1.50g/L. T. zilli fingerlings given low concentrations (1.50–2.50 
g/L) of the experimental plant extract did not record mortality. 
However, fishes exposed to higher concentrations of 3.00 and 
3.50mg/L had corresponding mortalities of 50 and 100% 
respectively. 
 
Change in opercular ventilation rate 
The mean changes in opercular ventilation rates before and after 




Table 4: Mean Opercular Ventilation Rate (Beat /Mint) before and 
After Sedation of T. zillii Fingerlings Exposed to Crude Leaf 
Extract of L. inermis. 
 
Values tagged with different alphabet superscripts are 
significantly different at P=0.05 
O V R B S: Opercular Ventilation Rate Before Sedation 
(Beat/mins); O V R B S: Opercular Ventilation Rate After Sedation 
(Beat/mins); C O V R: Change in Opercular Ventilation Rate 
(Beat/mins) 
 
There was no significant difference (p>0.05) in opercular 
ventilation rate before sedation OVRBS (beat/mins) in the fish 
exposed to graded concentrations of the aqueous crude leaf 
extract of L. inermis when compared to the control group. 
Contrastingly, OVRAS values in fish exposed to graded 
concentrations of the extract showed a significant (p<0.05) dose-
dependent decrease relative to the control group.  
 
Physico-chemical parameters   
The results of water physico-chemical parameters (Table 5) of the 
experimental tanks recorded during the study indicated that water in 
the tanks treated with aqueous crude leaf extract of L. inermis 
showed a significant (p<0.05) dose-dependent increase in 
temperature, most especially in tanks containing high concentrations 
(3.0 and 3.5 g/L) of the plant extract relative to the others. 
 
Table 5: Mean Physico-Chemical Parameters of Holding Tanks 
for the Sedation of T. zilli Fingerlings with Aqueous Crude Leaf 
Extract of L. inermis 
 
Values tagged with different alphabet superscripts are 
significantly different at P=0.05 
 
There was no significant difference (p>0.05) in the pH levels of all 
the test concentrations relative to the control. The dissolved 
oxygen levels significantly decreased (p<0.05) with increasing 
concentrations of the extract. However, the dissolved oxygen 
content in the 3.5 g/L tank markedly increased relative to other 
test concentrations. Free carbon dioxide (Free CO2) levels 
showed a progressive dose-dependent significant decrease 
(p<0.05) relative to the control. Similarly, alkalinity levels 
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significantly (p<0.05) decreased with increased concentrations of 
the extract relative to the control group. 
 
DISCUSSION 
The physico-chemical properties of the water in various 
experimental tanks were similar to the report of Manikandan et al. 
(2011) while induction of sedation of sedation and recovery and 
opercular ventilation rates of the fish exposed to the graded 
concentrations of the extract exhibited dose-dependent alterations 
which were similarly reported by Agokei and Adebisi (2010) using 
Nicotina tabacum; Becker (2013) using Condolia buxifolia and 
Anju et al. (2015) with Tephrosia vogeliasa.  
The presence of bioactive compounds (tannins and phenol) in 
appreciable quantities in the L. inermis leaves could be 
responsible for the observed deranged opercular ventilation rate 
elicited by the graded levels of the leaf extract. Studies (Ufodike & 
Omoregie, 1994; Van Andel, 2000; Singh & Singh, 2002) have 
shown that the excessive presence of bioactive substances in 
animal’s body can be poisonous or precipitate sedation. This 
finding on bioactive substances corroborate the reports of Audu et 
al. (2013) and Wagini et al. (2014) on the closely related 
phytochemicals incriminated in precipitating similar impaired 
respiration rates and responsible for the induction of sedation in 
the test fish. 
The percentage composition of protein (3.38%), observed in this 
study appeared to be slightly lower relative to the standard 
recommendation of 25 – 35 % (Jauncey & Ross, 1982). The 
functional implication is that the plant may not be suitable for 
inclusion in fish feed. On the contrary, Chaudhary et al. (2010) 
reported on the proximate analysis of seed of L. inermis and 
established that the seed had considerable higher values of 
protein (5.00%) and fibre (33.5%) with lower value (10-11%) of 
fatty acid, which contrast the leaf component, with protein as 
3.38%, and fibre content of 21.01% while higher crude lipid 
content of 12.00% was recorded in this study. 
Generally, comparative evaluation of the proximate analysis of L. 
inermis with few other shrubs and plants of economic importance 
revealed that L. inermis has higher moisture content (33.2%) as 
against Datura innoxia (7.5%) (Ayuba, 2004); Cannabis sativa 
(6.87%)    Audu et al. (2014) and Manihot esculenta (11.97%) 
Ipoma batata (10.89%) and Colopia esculenta (7.08%) 
(Mzengereza et al., 2014). This comparative edge on moisture 
content could be an advantage because L. inermis leaves can 
easily be digested and absorbed by body system and also 
enhances elimination of digestive waste from the body (Ngaha et 
al., 2016). 
The high ash content (29.9%) value suggests that the leaves of L. 
inermis are rich in mineral elements. The value obtained in this 
study was higher compared to those reported for the leaves of C. 
sativa (11.8 %) (Audu et al., 2014) Cassava (13.6 %) and Cocoa 
yam (14.84 %) but lower than the ash content in sweet potato 
(85.75 %) leaves reported by Mzengereza et al. (2014). In 
addition, the high value of fibre (21.0%) recorded is indicative of 
the leaves richness in structural carbohydrate. Comparatively, this 
value is higher when compared to the fibre contents reported for 
C. sativa (18.96%) (Audu et al., 2014); Cassava (16.35%) and 
Cocoa yam leaves (Mzengereza et al., 2014). The nitrogen free 
extract (0.52%) in L. inermis crude leaf extract obtained is 
comparatively lower to the value documented for the leaves of C. 
sativa (19.25%) (Audu et al., 2014). 
The physico-chemical parameters including temperature, pH 
level, dissolved oxygen content, alkalinity and free carbon dioxide 
are crucial for estimating water quality, as they provide important 
information on the suitability of water for optimum growth of 
aquatic animals (Djukic et al., 1994; Ehiagbonare & Ogunrinde, 
2010; Bhavimani & Puttaiah, 2014). The observed progressive 
decrease in dissolved oxygen and alkalinity levels and the 
accompanied rise in free carbon dioxide content could be due to 
overload of the plant bioactive substances in the test tanks.  
The progressive dose-dependent decrease in the induction and 
increase in the recovery time from sedation in fish exposed to 
water treated with L. inermis is probably due to diverse factors 
that include the chemical nature of the plant, species of fish and 
exposure route, as earlier reported (Ferreira et al., 1984; Ross, 
2001; Harms, 2003). The effects of the crude leaf extract of L. 
inermis on the sedation and opercula ventilation rate of T. zilli 
fingerlings, were similar with those reported by Akinrotimi et al. 
(2013); Audu et al. (2013) and Cheikyula et al. (2015) when they 
exposed fish to crude leaf extracts of T. vogelii and C. sativa and 
the seed extracts of L. falcipinus respectively. 
The significant dose-dependent decrease in opercula ventilation 
rate observed in this study implies that the operculum ventilation 
beat is prone to alteration with increasing dose of the plant leaf 
extract, which could precipitate a respiratory distress condition. 
This finding agrees with the report of Audu et al. (2013) when they 
similarly observed dose-dependent induced respiratory stress in 
fish intoxicated with aqueous crude leaf extract of C. sativa. It is 
plausible that mortality rate in fish could be influenced by reduced 
opercula ventilation rate. Thus, the varying mortality rates observed 
in the fish exposed to the higher concentrations of L. inermis could 
be attributable to the decreased opercular ventilation rate recorded. 
This finding collaborates with mortality rate recorded when 
Oreochromis niloticus fingerlings were anaesthetized with aqueous 
extract of tobacco (Agokei & Adebisi, 2010). 
 
Conclusion: This study has demonstrated that the aqueous 
crude leaf extract of L. inermis contained appreciable levels of 
moisture, crude lipid, ash and fibre contents, with accompanied 
reduction in the levels of protein and nitrogen free extract and 
bioactive compounds with great sedative efficacy that markedly 
influence the opercula ventilation rate of T. zilli fingerlings. 
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